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' Some Suggestions for Teaching ' 

. To gaiji insight into the'subject of balancijfe, 
' ' children need time to explore many arrange- 
. Tnents with the basic equipment. They shoujd , 

■; „ Jevejopj '^^^^^^^ for when thirtgs will and' - 

' won't'balanceandanideaofitheMof 
f- work th,ey"can do with the basic materials,* 
^ ' You serye.as a source i3f guidance and sup- ^ 
' port -when children- begin jo' draw conclusions 
" . and make.generalizationB and predictions 
; from their oivi^ observations, 




♦Children who have been exposed to the activities in the 
. Elementary Science Study unit thb balance, book have 
been given a chance to work with large balancing equip- 
ment, with pan balances, and with some of the same . ' 
. type of equipment used here, and have developed a , 
^ sense of when things will, balance, the balance book • 
anci Nfaterials for pjiimary balancing are available froiji 
• the Webster Division of McGraw-Hill Book Coir^any, . 
Manchester Road, Manchester, Missouri 63011.^ 



There is no qne preferred way to teach this 
. unit There have bepn successful classrooms 
• in which the teacher has. merely set aside a 

table of balancing equipment. She will; per-^ . 
' haps, ask an:. occasional question/add anew.- 
■ bit of equipment.'Or suggest a new problem ; 
or a new approach to an bid problem by 
giving the children one. of the.ProWm Carrfs*-, 
supplied'or one she'has designed 




\Mlm Ms for Senior Mmin^ to go with this unit 
are available from the Webster Division of McGraw-Hill 
Book Company. See page 21 for a description, ■ ^' 
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SENIOR BALANCING has also been done-by 
an entire class, at specified times and with 
specific activities and problerjis planned for 
each session. Satisfactory results ^can be 
achieved this way, too. Between these ex- 
tremes lies a range of other possible ways to 
present this material. • . 

• One child's work may lead the activities of 
the class in a new direction, possibly only 
vaguely related to the subject at hand. These 
classes will often prove to be among the most 
.exciting and valuable to you as well as to the 
children. (For an account of a class that c^s- 
covered an interesting sidetrack;i^ee Appendix 

Naturally, you will select the style that suits 
your'bwn objectives and personality, and 
you will probably alter your approach a little 
bit each time you use this material. . - 

On the first trial, most teacher^ are working 
through this .material along with the chil- 
dren anc/need some guidelines to follow. 
'^'Beginning Activities" attempts to provide 
s,uch a path through the material. In subse- 
quent years, you should not need to follow 
the suggestions so closely. 

The teaching pattern described here suggests 
a sequence for distributing the various items 
of equipment and also provides you with 
Some notes^on the types of activities that can 
be expected to-occur at each stage of the 
game. ^ 

Under "Background for Continuing Investi- 
gations,^ you will find' discussior^s of specific 
topics that you will want to explore on your 
own. You can work through these sections 
in any order, selecting those that are pertinent. 



Scheduling 

If the class works as. a whole, you can 
spend as few as ten class periods or. as many 
as^ thirty on balancing. Teachers have found - 
it best to allot two or three period.^ a week, | 
each period of at least forty-fiye^minutes, to 
thiS work. On some days the childr^rv's inter- 
est may keep them working longer at -fea^nc- 
in^; on other daySji^^ shorter period mayVbe 
advisable. . 

Of course, if the children work ^t senior 
BALANCING individually or in a small group, 
you can set aside^tirne and space for this 
as you do for other activities. Approached in 
this way, as an elective activity," the unit can 
continue throughout the school year.*, 
^ ■ You may finid,.too, that the baign^mg 
equipment/vvill be called for ti.rhe and again* 
as the children feel the need for .it in connec- 
tion with their other studies. . . . . 

Ages 

This unit has been used successfully with 
children in grades three through eight; the 
majority of trial classes have been in grades 
five and six. Children of any^age tend to do 
the same sort ef simple work with the balance 
equipment in the beginning. For children 
who have already done balancing work in 
the primary gm^res, this unit provides a con-^.; 
tinuation, en^ling them to explore balancing 
in more ahsflytic and mathematical ways. 

■ * . ■ < 



teach SENIOR BALAf:i,NG^yOU will ^ 

/ wiH suffice ikhildren 'are , to work on , ■ ; 
/ balancing individually aUimes of . their ^ 
own' choosing. If the-whole cl^ss willbe : 
: working on balancing at one time, order 
. 'sfiOu^\\6-Studcnl Kils to supply each child* 
nvith his own basic equipment. You will also 
need one set of ?roblm Cards for Senior 
Bakncin^.. , 
.When the whole class is working together, 
it is helpful .to have available individual 
containers, -such as plasticireezer containers 
of heavy plastic bag?, in which each child „, 
cart store his waihers and paper clips. Some 
.teachers have fountfS helpful to. deaden the 
ilj^fse of dropped washers by providing chil- ^ 
dren; with newspaper or place mats to work^ 
on. Working directly on' {lie floor also reduces 
clatter 

Many^teachers have found it helpful to * 
' provide a package or two of ^ire shower ^ . 
curtain rings, Tkechildr^n use thesejiftgs K 
when they wish to hang large numbers of** i 
washers on- the board without drQppiijg theni; 

Children like to fashion their own balanc- ' ^ 
ing eqiiiipment also, using materials' from ^ 
' regular school supplies' or items* brought fi 
home. (See Appendix B for suggestions for. 
balances children can easily build.) 



■I 



■li^()f!i^s. h^ Fbrjater work, ' ■ canbej^pnebotlj ways,,andiitis.usefu'l-,to 

' eacli cMci-g^&l a-'voqden fulcrum w\lfi a . . suggesjjb a child who, is having trpuWeVitii'. 

■ curyeltop thaf:i^coated .wltVsand'. Thi ; ^ a problfeni that he shift /r^iri^^ hanging ,•' 
makes It poss^We to.!^^^^ » ■ board tij the flat board!' 
.as.a flat ^balance beam, with, the washers on .' 

■ top of it, ahd'a^ia, hah^ng beam; :from which ' ' 
: the Washers ardsuspeW^^ ] , / 
> Sorne'cl\iIdren;d^^^^^ a-strong preference ; 
■for one f(|rm o>y ancing '6*^^^ the'otjier/but ' v 

ilems 
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For Triost work, the board is Hung on Ae ' • 
stalid an.d the washers suspended from 
it by paper-clip hooi:s. In this case, there is 
i no question about whicji hole the- washer . 
iyeight is placed at/and the washers stay^' 
where they're put Even when the'board is^ , 
rvery heavy with washers,-they won'ti fall off, . 
and^-with the board hung-pn the stand' it is 
epsy to^ee how much- the bgard istiked. •/ 
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: . Soihf of the diagrams.show'a board on the 
[ blocUulcrum. There are advantages to using 
; the board.flat in Some situations, in addition \ 

to the contract' it prpvides.with the- board . ' ' 
■ hung'q'n the"n<iil fuIcruiri.For example, you ■ 
'' can easily place a washer halfway between 

two holes'. 'to-do this on the hanging board 

entails putting the paper-clips overjheiop : ; 

oyhe board or hanging a washer on two dips'. 

suspend^d^fiw^ holes.. 
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The flat board is also useful when you want . 
to slide the weights gradually along the board 
until you find their proper position, or when" 
you want.lo. shift washers by a series or • 
.symmetrical moves as on pages 23 through, ' 
k ■ : , ; ■ ■ . ■ ■ ■ ' 
^ It can also be us^d with small^blocks and 
other kinds of weights that can't be hiing 
from clips. ■ , ■ ■ ' • . ' 
'The flat board does, however, Rave several'/ 
disadvantages. (Fpr th'js reason it is suggested^ 
that the sandpaper blocl; be-left out of Ihe \ ^ 
pupils'4)oxes for the first feov sessions.) For-' 
one thing, the board is'easily tflted so that 
one end touches'" the taile,top, which makes 
it-difficult to s§e"how.much adjustment js 
■peeded-to acljieve balance. For a'nbther, the 
washers te^d to shift (^espetially if one end 
■ of the board hits the table top), further com- , 
' pliciitiag attempts to klance the board. '■ • 
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IJsmg.ffierfoiiMHiz^ boflrij The double-size- * 
bo'ard'is useful when children wish to.' 
demonstrate a problem, for |he rest o1 the . . 
^ clas's. ffome teachers .hav^put acup hook or ' 
nail^ijrto the w^ll near the chalkboard, scg^that ' 
the ba^fd '\s easily seen during a discussion. ^ 
Others .hang the double^size^beard a 
student balance stand placed on a^kiglj table 
oi^tf ile of boots so that everyone' can. see 
\ what isgoingon.The l/f tape may be used 
. along, the bottom edge ta make the board ' . 
,,stand .out against a' dark backg^rouhd and can ' 
also^ bemused for numbering. 
'Occasfehaliy, teachers have used' this 
^ board' to pose a problem, but jt should not be 



considered primarily a teacher's tod. Experi- 
ence has shovfn that children come t(5 under- 
stand concepts better when they themselves 
> work through the ideas' 

Trying problems with this bgard gives" 
children experience using a^ar^^ of a differ^ 
ept length. They.may not seylfc that . 
the.length of the bSard is uniiSportapt/aaid . 
"they i^ay peed this op^prtunitj^ to gai^i.exm, 
perspecfi-vejhe half-length-iand quarteV^ * 
. length strips fn the .Tenclier's fc/ can be used 
.as short balance boards." . ■ / . 

Since the tilt of the double^size board,is 
eBsy to record on the chalkboardr'this equip- 
menVmay be Useful wh^ri the children are 
.investigatfng sensitivity and the effect of one 
paper clip. The regular length boards can . 
also be, usecflor comparison. ^ 



QWm niQtmls Itefns whichjou can obtain 
.easily, are not included apong the materials ■ 
;^upplied.*Modeling clay is used in many 
activities, because it■ta^l'be easily, shaped, cut, 
molded; andiinscri'bed with pencil- markings 
and numbers. Where rt is not available, ■ 
1eacljers»have substituted materials such as 
gum eras^ers* or lengths of string or wire. 
; h some clashes, small blocfe hayebeen^ 
' .used 6n.the flat ^eam, ahd the Children may 
suggest trying, sugar cubes,^idominoes, Atth- 
.huk Eo(ks*, or Cujsenair^e r(^l ' 

Sftne cards' Wilt re'quir'e special materials; 
which you 'or the children ■c'^niprovide. 

'A 



* Available froliQ the Wcbstef-Divisioil of McGraw-fiill 
Book Corppany. ■ ■. 
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As you look arour 
children involved in 
following: 

Symmetrical arrangen 
washer on one side 
on the other side in 
continuing to add w 
each side. The boarc 
something iike this: 




room, you may find 
jms such as the 

hanging a single 
en a single washer 
[responding place; ^ 
in pairs, one on 
t end up looking 
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This sort of arrangement can be turned This perhaps leads on to balmcin^ one 

' around into a problem: Can you add . . ' washer with two. . 
washers to this board to make one side 

the mirror image of the other? Don't move U 




,: » . ■ \on^ chains of paper clips. ' 

' . ' . Problem: . • . - 

How about this arrangement? ^ ^hain of six washers balance six 

.... ' washers hung on one paper clip? (What 
■^..'■-f'''^ , about the extra paper dips?) 




T — r 



-I r 



Moving'away from symmetrical arrangements * 
to othef ways of balancihg the board. 
Problem: . 

Can you make the board balance by adding 
two wasljers on the same paper clip? 




Troblem: 

Will awasher hung at the bottom of a 
paper^ip chain have the same effect as 
one hung at the top? 



Probtem: ' 

Where dan you. put six washers on one 

paper clip to balance ^'Stiain of -six washers? 



n —i 1 — r 



T 1 r~r 
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■ Balancing the board when^the nail is off-center- 
a few w^ashers out on the long side will bal- 
' ance a great many, on the short $\de, an 

. intriguing situation. . \ 




Problem: ■ 



If the board is supposed near one end, 
how many washers will be neede^o make • 
it level? 



1 — — 1~ — \ r — r 



(See "Off-center Boards/' p. 33.) 



29 



.Usin^ the board lo wei^h Ik wnskrs-one 
girl did this: Using the pegboajd as.an equal- 
arm balance, she hung a single washer on a 
paper clip from the end hole on one side and 
kept adding paper clips to the end hole on the 
other side until the board as balanced. It- 
took 33 paper clips. She announcied that the 
washer weighed the same as 32 paper clips. 



1 — I — \ — I — n— T — p— nr 



(Seel'Weighing" p. 30-)' 



]Nkn mtkeMrd "/^d'- smill dijjmnces in ■ 
wci^hil One student announced at the end 
of the first class that when there were no 
washers on the board, onfepaper clip made it 
[ tilt a lot; after he had hung many washers on 
it, one paper clip didn't have any effect^ He' 
found this out in the coiirse of balancmg the 
' board by itself while he was trying out the'^ ■ • 
're^uipment for the first time. Childrep often 
want' to investigate this sort of thing bore 
■ carefullyjateron. ■ . " ^ ;y 

. Problem: ,. 
What's the lighjest thing you can'' weigh )^ ' 
with the board? ' ' , . • 

Problem: ' 

'.'It 

What difference does it make when you puf ■ 
the'nail^in.the middle-row center hole in- ( 
stead of Ihe top-row center hole? ■ 
(Seepage.37andrf.ollowing pages.) . : . ' 



Some Useful Problems " ' ; 

, The previous section in^ic^ted tfi^wide 
variety of problems that children elect to " 
tackle at the ))ery beginning t)'f their work 
with the balances, ' • 
Here are some additional door-opener, 
problems. 



I Hang one washer somewhere on the 
board. How many ways ca^you find to 
balance it? Here, are some of the possibilities: 



With one Wdskr: 



4- 



C' 



"Wifli two on one paper clip: 



I T I 



] rr 



With two 'on separate paper clips:' 
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Mth Ihree washers: 



I 




1 r 



1 — r 




-i — r 



Many children think about these setups in 
terms of fractions: 'The single washer is a 
third as many^as the group of three, and the 
three go a third as far out." 
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2, Start- with two. washers balancing two 
washers (this problem may be done mo^e 
easily with the board flat on the fulcrum). 



- — s__ 



Spread out one pair, leaving the other pair 
where it was. Find several positions for the 
spread-out pair, and then reverse the proce- 
dure, piling the pair up again. . , 



3. Add washers' to an already balanced off- 
center board. 



T — \ — ~r 



Where can you add two washers (b keep it . 
balanced? Children who have not yet tried 
working with off-center boards may find that 

V their first guess-"at the ends''-leaves them 
puzzled, and this starts them thinking about 
off-center balancing in a way that will get 

, them going on a worthwhile path. 



4. Can you make a lump of modeling clay that 
will weigh half a washer? Some children enjoy ■ 
working with clay, and they may go.on to • 
make a whole series of lump's- that are frac- 
tions of a washer in weight. The clay can be 
molded around a paper clip, and its value. ^ 
(such as "1/2 washer") scratched on jt with 
a pencH point. 




Does changing the shape of a clay weight . 
affect the balance of the board? 



fese problems are merely a selection. You 
devise others as they are needed. It is 
not intended that every child do every one. ; 
Some will have gone beyond them, and some 
'will not be re|dy for them. 'A key probleiji 
can be.a question which has stumped a child 
or a puzzling part of balancing that you feel 
■could be worked out by a single child or by 
the group. 



Jo 



Troubleshooting-When the Board or the 
Student Doesn't Work 

There are times when the board* seems to 
balance and you think it shouldn't, or when 
it doesnHalance and you think it should. 
Encouraging the student to godhead and find 
the trolible may be worthwhile for him, yet it 
help5-;tp know what's wrong'yourself. Here is 
a lisl'of 'typical mechanical difficulties: 

^ Friction- Are the washers hitting or scrap- 
ing against something?,, Friction can k^ep the 
board from swinging freely- 

Fulcrum! or Washer Position- Are the ' . 

li . ■ ■ ■ ' ' 

fulcrupi and washers positioned where the 
chjy thinks theyare? (He may hav^ counted- 
wrong,) If. not; all predictions will go awry., 

Unequal Weights-Are washers'of the .same 
apparent size the same weight? Try inter- 
changing two washers, from opposite sides 
of the fulCTum. If this changes.the balance, 
one of the washers may be off- weight, • 

An Uneven Board-Does the board balance 
at its mid-point.without any weights attached? 
Sometimes one end of a board is heavier'than 
the other;* 

•Also'see the section, "What's Balancing 
What?" on page 27 for a discussion of ways 
: to analyze arrangenients that are not balanced. 



■ Far more frusteating than an equipment 
difficulty can be a bored and non-participating 
student. It does no good to force a student to 
work with balancing if he is dead set against . 
it, but students often become tempted^y one 
or another of the activities and thus begin to 
explore further work with the balance. 

The cards may act.as a stimulant to'get a' 
student working. For some children, part- 
nership with . a student who is already ' 
.intrigued works. . , 



Descriptions 

During their early explorations with a 
balance, students often try a great variety of 
activities. Once they haVe gained a basic, 
familiarity with a balance, they can go. back • 
to a situation, such as balancing an off-center 
board or weighing light objects, and look at' 
it more, carefully. In the process, they must 
refine their tools of analysis, The fpllowing 
sections discuss numbering, the board and 
ways of describing a balance situation in . . • 
drawing's, wprds, or numbers. With these 
skills, children can look at situations such 
as weighing, predicting, and off-center r 
.boards with greater care. These closer looW 
can lead to a better understanding of balance 
and balances, 
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Drawings There are many ways tg draw a 
balance board. Here are five: " . jt 



0 0 0 O'O J- 0 1? 0 0 0 a i)*0 3 0 "3 0 0 


C' C 0 0 










0' 0' n 0 


COOOO 000(3 








0 0 0 0 . 











"T r 



4- 



1 r 



T — j'^; — . I 'I 1 "T 



•The last shows the* board flat on the. sand- 
paper fulcrum. ; , 

The last two drawings are the type used 
throughout this Gwirfe. 

• Children use 'many styles in their drawings, 
and you should encourage originality rather 
than conformity. 'Some children will need a . 
bit more help, however. Dot diagrams, such- , 
.as those following, can easily be typed onto ' 
"a ditto master and then duplicated for class 
■ use. Although this does not encourage ori- ■ 
. ginality, it does help children to record 
balancing situatipns'quickly and accurately. , 
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Worksheet for Balancing 



1 



I • I 1 t I 



I • .< i I 



■ i : V''. 



Mndicates center hole)';. 



3;: 



A- 



]Nord md number descrlpliom Another way;, of . 
recording balancing discoveries is "by means 
of word and number descripti'ons. Earlf in 
the game, a chlFd might describe this board, 




: Numbering the Board^ ^ , / V 

After about six or seven sessions, when 'the" 
^ class is beginning to get -ajeeling for the-t - , ; 
, : 'numerical relations involved in balancing) ind;.' 
; , |ie children ar& getting tired of counting 

i,: Ms, the l/f" tape tan ;be;im9^^ '-^ 
' . tO;facilitate'|)utting; identif^^^ / 

jiurnbto on the boM 
'•A Ghildren'typically^^ , " 

lard, suchas: -.f 



, somewhat likeihis: ''Two'washef's'10 spaces \ 
from the nail, balance one washer, 4 spaces, ' . V 
■ ari;One. washer, 16spaces frbm;the naji/'' . ■ • •;' , 
' Cfhe need to simplify -this ^^^^^^^ 
v /rtosomethingi on this order: , ' ■ ■■ v 

■ ' ' 2@10klane^sl@fandl@ ' - ; 

, 'which can be further refined to\ / 
,2@10 = 1@4, +1@16. ) /; A ^ \ \ 
or . ■ *. ; . ' 

■ . 2K10 ,^ U4. + 1X16 . 

The final version is not only a short^! 
. form, but also a more sophisticated wapf / , . . " , 

describing the balancing arrangement. If the ' 
' child has come 'th| far, he has begyn to have . ' ^ 

an idea of a numerifal connectioit; beWeen 

■ distances and tiurrt|ber?of washes/ Af .. " 

•It is important, hovi^'^ver, that each' child 
' be allowed to rnvk at his own^^fp^nh of 
; notatioi^'' I' - // . ■ . 
; The numbers should™ 
' ■;■ well-understood physical situations. Insistance 

' on abslract notation :ca| lead to^aningless 
' . exercises in arithmetic.. 
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,^ ' • One. girl even numbered Hers using Roman 
numerals: 



.III » » • • • • If « .t • I I * « » ■ • • 



I. n I ii, - 3 ' i w M K r xi'"i XI xiz iE- 'Xn 

« « « » « • « • I « « • . » • » • f 1 « • , »^ t , • ♦ . • . . » . t 1 



« .« ,f • > « t t • • • • * * 



« ( • I I f • • 



. As a child betlenmderstandsvthe balancing 
relations of distances and numbers of washers, 
a fulcrum-centefed system of numbering may ' 
appeal to him more. Still children who count ' 
in from the ends can often show that their 
'system allows' them, to predict. For instance; 
^ for symmetrical arrangements- . 



1 f ' « « « « I i « « • « I « 



jT"* *• • • • • • • 1. • • I • • • . f • • • * • 1 ^ < • , * • • 



^ « V • • • « * * * * * * * ' * ,* • ' * < * * ' * • •< *: • * 



■ * V * * * * ■ T 



.2in3 plus 1 in 6 balances 2 in 3 pliis l in6: 
■ px'S) +,(1-X6) ,= •(2X3) + (i;^6), 



: , Fbr npn-^ymmetrical cases, the system is not 
' as helpful: ^. ,,; . • . , ^ 



:The numbers^the child has put on his board 
may serve him.'well for describing how many 
washers he has, and at which positions, but 
if he wisljes to make predictions or mathe- 
matical statepnts, he must devise some 
system that will, allow him to describe the two 
sides of the board in terms that simplify the / 
mathematics. , ' f ; 

\. It is essential that the children devise'these 
methods theiriselyes, and their own choice 
of a method, and.jii,stifjcaiion for. their. prefer- 
ence are more important" than the selection 
of a single "best' ■ way to do i.t, Later on, 
they will find it helpful to agree on a ' , 
common method of numbering for use in 
■ class .dfecussions. 

Keep the 1/4" tape available, in case a cKild 
wishes to change to a different system for 
his board, His first method may have proved ' 
unsatisfactory to hin)/or he may want to 
number the board for a^special purpose, such 
as some off-centeF experiments. ■ , :V.■^ 



•■,^4 • • • • 
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. Problem Cards 

; Aftefabout five or six sessions, you may 
. decide (h?t . the chilcften are ready for some- 
■ , thing new and introduce the ProWem Cords. 
■ .Most teachers simply choose a location for the 
cards, aad-.by way of introduction-tell the 
• class that' the cards offer new things to thihk 
about. The sixty;three..cards are grouped 
under headings. that correspond to sections of 
this Guik Ik some cases, there are sequences 
of cards' that give a progression of problems 
on a particular topic. They are numbered for 
. .reference only, and their ^umbers appear at 
the beginning of the appropriate section, but,' 
in general, the cards need not be arranged in . 
'arty special order. 
. ; The choice of whether or not to do any 
^ particular card or cards (or any cards at all) is 
usually left up to the child, but those who 
choose to try the cards should be discouraged 
' from competing to complete 'ithe most" or . 
"the hardest" cards. . 
." You will find it helpful if you take a little 
( time to become familiar with the types of : , 
cards in each of the different categories, Then 
you can easily' choose one to help a child . 
.. pursue the path he has begun or to Suggest 
a new activity to a child who wants some- 
thing different to try. .-. 




I 

erJc , 



. ■ The first.three cards were written by _ / • 

children in trial classes. Your students may •.« 

want to try them.~ You n)ight keep a supply . 

of.blank cards available for those who wish 

to ^rite their own cards: Children usually , 

enjoy trying problems made up by their , . ' ' • • ' • . 

friends. ■ ■ 
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'1, Balance the bqard, using five single washers, 
■ Move one' washer six spaces toward the • . 

. '• ' ■ ' ' fulcrum,-Can you rebalance the board by 

, ■ • ' moving only one washer? . 

■ \ 2, Start again, this time, with the board bal- 

.' , ■ ■ . . ^ ' ; . • \| anced, using two washers in a pile on one 

A : ,y sideand'threeinapileontheotherside. If 

• The banning activities already described you move the three-pile, four spaces, what do ' 
open the way for a great variety of further , ■ . ■ have to do to rebalance the board? Try : 

^ activities, Many sudh activities are discussed ,, . other examples, startingywith- piles of washers, 
here. They are not intended to be done in 

sequence, nor should any one'student or class ' 3. Go back to a pile of,two washers balancing 

necessarily do them 'all,-' " . a pile of :thTee washers. Investigate way? of. 

.When you have time, or when a l^articular spreading out the two-pile washers that do 

' related problem has come up, set up your ' 'I'sturb the balance., What about the three- 

board and work through one of these chapters, ' P'le washers? (These can be spread out by 

^ Going through problem on you? own will leaving one washer in the original positibn 

enable you to guide a child who is trying to by moving all three to new positions,) ■ 

work through his own balancing problem, 4 jifg opposite of spreading out piles-of ■ 

■ . ' : ' washers is piling washers up. Balance the 

,■ ., ■ , ■■ board with an even J^mber of washers, no 

V ' ■ two at the sam'e place. By moving two washers 

Moving, Piling Up, and Spreading Out . ,„ ,i„e, it is possible to reawnge all ihe 

>™WemCar*W-fl6 wasliers.inlo*o'pilesll,at.willbaiance.fc 

■ , . ' . . ^ sure you 9n do this for any initial .arrange- ^ 

' • „ mentof washers. Is it'possiWe, starting with 

■. This IS a collection^of simple problems, all • ,, , , , ,v'\r' ... ■ 

• ■ , , ■ ' lWV j ■ I - ' an oddnumberof washers? Yes. .Can you 
. , .easily' accessible to children and all involving ■ , ,, , • , ■ . , ■ . 1 i y 

• V,..,, ' , ° get all the washers into a single pile and 
central ideas of balancing. If you are not a. ? . , ,\ . ' ' ° 

':,,",v.l, ■ f. ij' j ll- have the board balance? 
■^ ■ balance-board expert; you, should read this ■ 

'' , section with a balance. and washers at your 

' /side. Only by setting up and solving these ■ , ■/ ■ ■ 
problems yourself are you likely to under- , , ' : ■ ; 
stand them. If you spend some time working • ■ " ' ,. 
with a balance board, yoi^ will be able to deal . ■ .■ 
effectively with children's queslions. Now • 

■ the problems: , . , ' ■ 



• ' In all these problems, there is a basic sym- ' j * v 

• metry to the balancfe-preserving motions, 1; 
and you will find this a help in thinking '1 * 

. about possible solution's. .One way of looking i ■ 

■ at the problem is to say- that everft washer 

■ moved to the right must bfe balanced by an 
^ equal move of another washer to the left, 

When unequal piles are. involved, the larger 
pile doesn't need to be shifted as much, but 

■ you stiO move one pile to the right, the other 
to the left. There^is even a right "feel" to the' 
mov^s that pre'serye balance - try moving the 

■ washers with your* eyes dosed. .■ 



or 



1 — I — I — I' " — I — I — y 



r? 



■—1 — I — II — ^ 



Predlctitig 



« Problem Cards 01-010 



The idea of predicting is important in, 
science, and being asked to predict is fun,. 

■ for thildren, Initially, a prediction is often ' 
just a guess, As you gather experience through'; 

■ trial and error, you become more and mijre • 
accurate, Early success in i^redictjing often, 

■ , results from r"feel" for balancing. Only much - 
later do you become analytical and verbal. - . 

With' balancing, there are innumerable 
opportunities for predicting. Given an 
arrangement of washers on a board,- will . ' 
it balance? Does this, for example, balance? 













- - 1 1 I 1 

If 



TYv .i " .:.>'i,..!''-..'.'(ir 



IT 



-1 — i—r 



n 



1 — I — r 



or 



There.is alj^^ analytic aspect to these moves 
-to any jJ^anc^. situation -and this is dis- .- 
cussed in-'tiiwt section. . ' k 

■ m. ■ ; ^ ■ ■ 
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Given a buncKof washers on an unbalanced 
board, where should you place, more washers 
to make it balance? For instance: 




Typically, your ability to predict will .be ' 
initially manipulative, later conceptual-at 
•first, in your fingertips (in knowing where to . 
put two washers to balance one; for instance) , . ; 
and only later transferred to your head as a 
conscious rule. In this situatibn, understand- ^ 
ing generally builds from simple cases to , 
more coipplex cases, from balancing sym- *■ ' 
metrical arrangements to asymmetrical cases, 
and on toward a broad generalization. You, 
as a teacher, can ask questions and pose 
problems to help a child |ind relationships 
that underlie balancing experiences, but 
always your emphasis should be to steer the 
child into working with the equipment to 
findhis answers. . 

Here are some predicting ganies children 
can play. In one, a child places washers on - 
the board and then specifies the number of 
washers someone else must use to balance 
the board. The situation can be as simple or" 
as complicated as the child;wants to make it. 
Variations of arrangements of the washers and ' 
of the rules of the game should be encouraged. 

Another game involves predicting whether 
or not a given arrangement will balance. One 
student sets up the board, holding jhe end 
so it is not free to S:Wing; a second is asked t6 ■ 
predict whether or not.the board will balance; ' 
If the answer is "No," -and the prediction is 
right,, the first student can ask "What do I 
have to do to make it' balance?": 

This game is also. worth playing with larger .■ 
groups of students using chalkboard dia^ 
grams. One group puts a diagram on the ' 
• board: Will this balance? The other students 
, must, decide as a group whether or not 'it 



will. This can generate good arguments about 
balancing principles and, also important, . 
about representatjonal systems.; Did the first 
group represent on the chalkboard the situa^' 
tionthey ii^tended? Does everyone agree 
about what the diagram means? 
■ There are many ways of analyzing a balance 
situation,, ranging from a visual or fingertip 
feel for what does and does not balance to,a 
careful calculation of the turning forces in-^' 
volved. The games just described encourage ^ ■ 
students to look in new ways at balancing 
situations. Symmetrical patterns of weights ■ 
are quickly recognized by children as balanc- 
ing situations. ln addition, there is the 
symmetry of the balance-preserving moves' ' 
that can be made with pairs of weights. This^ 
concept of symmetrical moves provides'* a link ■ 
between symmetrical patterns and all those - ■ 
other arrangements that still balance but. do 
not have' pattern symmetry (that is, do not 
have the same pattern mirrored on both, 
sides).', . • V ■ ■ ■ , ■ 



^ • Starting with a balanced asi/wfricfl^ • 
pattern, try to rearrange the weights into a* 
symmetrical pattern, using oijly symmetrical 
moves. You should be able to do' this in every 
. case. Here is an example; 



Does this balance? 



Trn — ^ — p 



1} 



r , I , I — r 



1— r 



Yes. (The one; over the fulcrum doesn't affect 
the balance.) 



Here is another: 



Does this balance? 



-f^-, P — P 



T T .1 



I 
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■ Just as a check, start with an asymmetrical ' 
. case 'that -does ml balance/and try to trans- 
.„. ;,form it by symmetrical inoves into a sym- 
;:V metrical arrangement that balance. You . 
v' won't succeed. . ■ ■ 

Often, children will use fractions in talking 
about theJj^lance board; t\vo washers out 1/2 
as far. will balance a single washer, This is a 
)■: useful way of tl^inking about cases in vyhich " 
the numbers~ar^'fairly simple: 1 weight versus 
2 weights, 1 ysi 3, 1 vs, 4, and even.2 vs. 3. 
This fractional view can be combined with the 
previous, appeal to symmetry. For instance: 

' . ■ • ' 

Does this balance? ;*>/ ' • ' - 



, while.'Do not deprive yoipr students of the 
chance to wrestle witif th s by' thetoselves/ 
, eyen'^if you are tempted t|) share with every- 
one its discovery by on/ or a few students. 
The rule can. best be explained. by examples: 



T 1 ° T ' A ' T . 1 . 



"T— 1 r 



1/ A » ^ TTTI 



I I 



[J 



This balances, as seen by noting (1) 'the sy/B-|^ 
metry of the two single, inner .washers and ■ 
(2) the two washers-halfway outvs. the third 
single one all the way out. Or, alternatively, 
on the left we have (1 washer.@ 1) and (2 , 
washers @ 2) while oii^he right (1 washer 
and (1 washer 

- (1 + 2 + 2) V5. (1 + 4)/ ■ 



1 — r 



•Will this balance? (Predict before you read on.) 



, It is not easy tp .tell jusl^by looking, • 
although yqu" can transfprm the right' side 
' to give 3 @'3, and then note whether the 
' two^sjdes are symmetrical Compare distances 
[ in the preceding arrangement: 

3 + 3 + 3 = 0 + l + 2+3.+ 4' , • ■ ; ■ ' 

The arrangement wiU^not balance; in fad/ 
you can' tellwhich way it will lilt. Didjou • 
predi^it correctly? Now go back^and.[oo)o; ; -*" \^ 
again . al:the fwo .problems on gage 23 at jhe'^ 
' beginning.of this section, ' • ' 'v*'.';V 



Yes.- A symmetrical mbve gives you two ■ 
weights, 1/2 as far from the fulcrum. . 



In \vorking with balancing materials, use 
of one size of washer simplifies th'e investiga- 
tion of underlying relationships., When equal- 
sized weights are used, both the symmetrical 
move and the fractional approaches can be. 
described by a distance relationship that many 
children discover.. Knowing .this relationship 
is relatively unimportant; discovering the 
underlying regularity is exciting and worth- 



'I- 



JThc- section on' ofkentor boardli (see pagi\^3j^^^^ 
.'■ , ■ ' how to predict when the board is supported off-center.' 
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.ProhtemfWithiftit Solutions • 
\X- • PnblmCafdsBI-BS' 

■ •'. • In one trial class; children were asked ,to 

■ make up problems ior their classmates to do. ' 
:One boy/ with.a twinkle in his eye, 'posed ; 
•1his 6nef'!Bfte theboaBi inithe middle;, . 
.put 'two washers at one end, and balance the ' 
board with one on the other side." ■' . 



'Several childreivtried it and couldn't do it, 
Then;there .was general agreement that it .; 
couldn't be done ("unless," as one'child said, 
"you move the board'on , the fulcrum'').''' ■ '■. 

Could.you put the two^any place else and, • . 
still not' be able to jjalA.lice the board with 
one? Yes, any place, from the end to the half- 
: Viviay mark: At the halfway point.the pair can 
' be balanced'with orie af the.'end on the other 
• sid,e. As ;y<)U •md^^ further in toward ,, . 
the center, ypu can keep the board balanced ;^*;, 
.. by moving the single W'asher in tpward lhe . ' 
. center; too, t)ut twice as fast, ■•' 

If jlou put ^ti^D w anyplace here, ^ . . 



XXXXXXXX : 



. A'-similar problem is this: where,can y6u . 
put a pile of three washers on the board and ^ 

■ not be able to Ijalance it with one? •Tjiinking 
about problems which can't be solved can'. ' ^ 

■ lead children toward.a better unijerstanding ■ 
,of balancing/for knowing what can't^balance ' 
.. alsolells yo,\i'Something about iwhatcfl/i, 

balance. For,example, hete's.one way to think 
about, this.problem. In orHer for'the_board to 

■ balance, the single washer must surely be' out 
further than .'th^ pile of three. But the farthest ', 
out the single washer can be is.at tht end of 
the board, and then the three washers must. ■ 
be a third of the way out on the othe^r'side. . 
for vthe board to balance, ,) ' ' > , 

yyyyyyxS 



■Th'tlSi the dufer two-thirds of that sideds , , . ' 
forbidden' te'rrito'ry for the pile of three. . . ' ,' •: 
■Any problem, can lead a class,,on to unsus- 
pected and interesting trails; perhaps a' ; ' 
problem-without a solution has a particular • 
quality 'of stretching children's imaginations, 
See Appendix A;fpr,a description, written by 
the teacher; of two exciting classes with fourth- 
graders, which evolved, from a'problem' like. 
" the ones here, ■ ■ ; ' .■ 



,r,,yoiJcan't balance 

the board with o;ie-.o,ri. 
this side, ,' , 
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PfoWeni Cards LI-LtO 

• •■ ■ • Someliines a chM wiD hang a complicated 
f^ arraftgeineritof washers on. the board ex- ,. 
.• '■ pecting it to baiance, only to find it does not, 
' . ."Why not?" he asks. The answer is not J. , - 
• always simple, to.figure' out, especially if 
■ there are iflan^ washefS on' the board. 



■ To .find out.Whal is wrong/ it is |elpful fii;st . f .• .. c or one on tte right at'3/4 . , : ■ 
^,; tQthink-int^rmsof wh'atisright,'- / - % ' V ' $' ' ; 

•Jhe' process here is one of mentally un- ' ■ i ■ r^' ]: — i V'' ., ' ' 




T 



i 



4 




5^: 



; .doing or/'stripping" the board by Eeinoving? . ; ^T^^ 

washejs'jri groups that^^^ , ^ 

antil the offending w?^^^^ * 

. vpshers is found, arid theri d^dding^^^^ \\ k' 

, • todo to rfemedy th&'error, ■" , / . ■ " ■. s /, , ^.'^ , 

' •? . , . 01 mv( onfik*0f the'' w^shelfe from the .gile 

^ of th'fee onthe'left across the 
* ^ "-""^ ■ ^ ha%ay on th^'ght 



'Here is a prpblem as |n' example: 




' : Washers at e(}ual distances balance as follows: 
^ ■ ,The,sir(gle wa^h.ers^each out 3/4, balance: 

each'other. The pairs of. Washers halfway out ' of three 
. balanije eachoi^er. % ^ ' 



WHat'sIef^t? Th^ three washersout 1/4 c^h 
the left aren't balanced by anything. Now you 
' can think of ways to. balance this board: 

AMm^ or. more washers, for instance; a 
pije of three;l/4 of theway out on.lhe' 
■right'.;, ■■' ' 



■J : 




. . . or fal^e flu^fl^ something: the whole pile 



...or the left washer at,3/4, 
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Note that with different pairings of /'what's 
balancing what/' the.Temoval of the single 
washeriecomes the obvious, solution: • . 




Up to this point/ "What's balancing what?" 
has been discussed as -a trouble-shooting 
technique. Even more than this, it is an ■ 
important.wa^ of^thinking about balanced ^ 
situations, since it leads children -to' think in 
terms of the fact that two against one in the 
•proper positions is as much'"balanced" 
a mirror-image pairing of washers. " 

Here are more^ "stripping" problems: 



¥ 



X 



With a board that is iMmmi, removing 
groups-of washers that balance each other 
■ does not alter the unbalance of the board. ' • 
• In analyzing complicated arrangements, it 
is. often helpful to remove :W.ashers that • 
balance each other in order to get^to a simpler 
.arrangement, Fbr instance, this complicated 
board, which is not balanced, can be simpli- 
fied from this: ' ■ 




■ tolhis: 




You simply remove from both sides of the 
board a pair of washers that match each" other 
in distance from the fulcrum, and continue -to 
do this as long as you can. After you have 
stripped the board further by taking-off 
combinations wh^re one washer on the left * ■ 
. balances two on the right, you will have this 
left: • ^ . 




No wonder the board didn't balance. 

Initially, puzzles like these can be attacked 
experimentally, even by trial and error. At 
some point, however, it can be fun to ask 
children tQ mark down on a diagram where 

. they would add, take away, or move a washer. 

I . witl^ut upsetting the unbalance -or the . , 
balance -of the board. Then, after many chil- 
dren have made-their^theoretical predictions, 
;;;check^#ith the board. 

' ■* Another inferesting puzzle involves off- 
, center balancing. In these arrangements, some 
washers are balancing each other and some 
are balancing the boarS. Which weights are 
balancing the board? What's balancing what . . 
in this setup? 



4 
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Well, first see vyhich washers are balancihjg 
each other. 




That leaves a single washer on- the. left which 
is not balanced by another washer; it must be 
balancing the off-center board, . / . 

Here's another problem: statting .With a 
balanced board and five washers^in the 
middle of the board (washers in the mradle 
are like no washers at all in the sense that 
they don't a^^ect the balance one way or the 
other), . 




can you: . " 

' 1. move the washers two at a time? 

2. keep the board tolanced after each move? 

3. end up^with two in 'a. pile on one end 

. ' versus three in a pile on the other side? 



What is the minimum number of moves you. 
need tp do this? Can you reverse the piles 
(so that the pile of three is on the^left) in 
fewer than twice as many moves? 

This, type of question can be applied to any 
arrangement of washers. Either the nail ful- . 
crurr) or block fulcrum can be used in working 
out the solution. The advantage in us^ng the 
block fulcrum is the greater ease with'which 
the moves can be made. . Once children have 
discovered the two kinds, of symmetrical, 
moves that maintain the balanc^ of the board, 
they sometimes remove the. fulcrum completely 
and work with the pegboard flat on a table, 
top, returning the board to the fulcrum only 

^ to check an answer. 

> gome further questions to investigate: 

1. Weight one end of the board with- ' " 
modeling clay. Find the balance point, and 
then try again some of these adding and 
moving questions. What'$ balancing what? 
What's balancing the washers? WhaYs 
balancing.the clay? Is the problem any 

* different? Are th^re any questions you solved 
with a symmetrical board that you cannot 

* solve with this asymmetrical board? . 

,2. If you use some heavy washers and some 
light ones on the board at th^ same time, 
what questions can you ask? How do the 
possible moves differ from ones involving 
washers all of the same weight? 



Weighing 



ProWe/n Cards £t-£8 



/ One important use to which a balance 
can be put is weighing things, Indeed, one 
of the first things some children do with the 
balancing equipment is to find out how 
many paper clips a washer weighs by put- 
ting the nail in the center, the washer on one 
end hole, and.the paper clips on the other 
end hole. Thie visual symmetry' of the balanced 




board is probably what convinces children 
that the paper clips weigh the same as the 
washer, 

The weight of a small washer in paper 
clips leads to an interesting problem. If you 
also use a board to find out how many small 
washers a large washer weighs, then by using 
some arithmetic, you caniind out how many 
paper clips a large washer weighs. To check 
your answer, of course, yoii should actually 
balance alarge washer against paper clips, ' 
■ The balance can be used to weigh many 
' objects around the classroom. In a fifth grade 
one girl went around finding the weight of 
each student's shoes, She kept a chart 5f the 
shoe weights, , 

, . Scissors are a convenient it^m to try ■ \ 
weighing. 



Four.washers may be too few; five too many.- 
The process of weighing -indeed, of making 
any measurement -involves narrowing the 
answer dpwn to somewhere between two 
values. Still, we can get closer than between • 
four and five, A perfectly good thing to do is . 
to guess-say 43/4 washers. An alternative 
IS to use paper clips as fractional weights. 
Twenty.paper clips, are abou,t right. If you 
have already weighed washers in terms of 
paper clips, you know that 32 paper clips 
are equivalent to 1 washer. This means 20 
paper clips would be 20/32 or 5/8 of a washer. ;,; 
The scissors, then, weigh about 4 5/8 washers, :.; 
pretty close^to the guess .of 43/4, .. 

Another approach is to place the fifth ■ 
washer only partway out on the board, .. 




The best hole for tliis wisher seems, to tje'ten:;,-;.' 
spaces out from the nail. Por example, i0|.^/vc^ 
(or, 5/8) of the my out oh the'.board isiK^^i^iy 
same as 5/8 of a ^asher at the, end of tlie^J^'-^^i 
board. Again thiS-gi^es'a weight of.lS/li^i^t-J 
the scissors. ■ ;• 

^ Still another way"t<j get fractional!wa4ers:is.''5, 
to use an off^centef balance. If you havciine'l'vi';; 
board in the ,hmth' hole, froin-.one end, ^ 
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modeling clay on Ihe short end to balance the 
board, t|ln there will be 8 holes on one side 
of the fulcrum and 24 on the other. Should , 
you put the scissors on the long end or the 
short end of the .board in order to get the 
most sensitive weighing? Where should you 
place the fulcrum so that every washer added 
on one end will measure 1/7 of a washer's . • 
weight on the other end?* . 

■ Try weighing a piece of paper, Spear it on a 
■■ paper clip in order to hang it on the board, 
^ How. many paper clips ioes the paper weigh? 
How many washere? . . ! 

• If you crumpled the paper up into a ball, 
. would it still weigh the same? What if you cut 

■ the pap^'r;into:5|r|is? 

'/^■'sbmeWiidlrel'ated problem^ was worked 
on by one sixth grader. He tried babncing a , ^ 
washer, hanging at the end of a long String 
and then balanced, it again with the string . \^ 
bunched up in a ball. He was sure there 

■ woufd be a difference. He reasoned that when 
the washer was closer to the earth, it would . , 

. J}e,;ptlll^'d*clow Therefore, raising tt;|e'; 
-''W^she^u-p;a^ it on the bfeam should 
./mafe^M up slightly. 



.*This is an example of a balancing sitvation in which the 
two sides of the board balance each. other, but the 

. weights on one side do not weigh the same as the 
weights on the othe; In many balanced ^ituations^ the ^ 

. twii) sides of the balance do not weigh the sarpe. 



.In fact, he and his classmates. couldn't see any 
"change. His reasoning was right in a sense, 
but ihe effect he expected was much too small 
to be seen in the experiment he was, doing. 

Occasionally a vyasher is missing "a'piece 
and looks like this: 




It was probably stamped out too close to the 
edge of the sheet of m^al. One child took the 
opportunity to find out about how much was^ 
missing by weighing this washer in terms of 
paper clips and comparing his answerto the 
weight of a whole washer. 
? .Weighing things in terms of washers or 
paper clips may be a little of a puzzle to some 
students 'at, first. They may feej that weights . 
should be in pounds and ounces - or in 
kilograiji^and grams iri Some parts of the . ; 
w(5rld. Wli'y use. washers? • • . ;' 
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If this question comes up in class, the 
following may help in any ensuing ' 
discussion, ' . ; 

As units of weight, washafs will do about 
Everything for .your purposes that pounds or 
ounces will. Orfginally, someone decided to 
call the weight of a certain chunk of metal a ^. 
pound, made replicas of it (probably using , 
a balance), and persuaded other ^ople to use 
the pound as their unit of weight. Then the 
weights of all other Ihirigs were referred to as 
so many pounds. It didn't matter what was * 
Msed as^the original standard; it had to be of 
a convehient size, easily reproducible (so a 
great many people could use it), and relatively 
permanent.. Certainly, other-choices f.or the 
standard of Weight are possible and, *: -V.i: 

historicallyy have been made. The kilogram --^ 
is the most farniliar one. This is define^^as 1^':^= ^ 
the weigte iDf a special chunk of metal kept in.* ' 
Paris, France:! Both\be pound and the/: . . ' 
kirogram' are about the same size, in the<saise 
that they are convenient for expressing the^ 
weights of everyday objects, objects which - 
man can easily lift. For much heavier or 
lighter things other units are useful, such as 
the ton and the ounce,- which are both defined 
in terms of the pound — as a multiple or a v 
fraction of it — so that no new chunk of metal 
is needed. • 

So the "washer" as a unit of weight^is' 
perfectly respectable for your class. The 
washers are of a convenient size and plentiful, 
and. they're relatively permanent. There are 
sorne disadvantages, though. The washers of 
one si^e aren't all quite of the same, weight, 
and; outside of your classroom, the "washer" 



isn't a widely recognized unit. The man at . 
the jQpat counter would probably give you a 
peculiar lobk if you asked him for 20 washers 
of hamburger. If you had washers with you, 
he could weigh the washer in terms of his 
units to find oiit how many pounds a washer 
weighs. Then he could calculate how many 
pounds 20 washers weigh and use his scale 
to Weigh'put that much meat. 

Some children enjoy making a series of 
weights to weigh objects directly fh ounces. 
By using ah punce weight, such as a fishing 
sinker or a square of baking chocolate, as a 
standard, they can make a sefof clay lumps 
for weighing iterris of a.pqunid or less to the 
'nearest ounce, using an equal-arm balance. 
One. solution is to make 16 indiyidual ourtqe 
-weights. This, of course, uses "16 ounces of • 
clay and means makings 1(5 .different pieces. ' 
, An interesting challenge related to making 
that set of weights is to ask how few separate 
pieces are needed: If.you use rriore than 16 
ounces of clay, it is possible to fnake all 
weighings with only four separate clay lumps. 
If you restrict the ampunt of clay to 16 ounces, 
five ^re necessary. What is the- weight of each 
of those lurnps? j ^ ' 
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Off-center Boards 



Problem Cards M1-M3 



. ^ ' A cejitered balance board is. simpler; an^f- 

. * . center balance board is morefintereS ting. One 
^ : .'' reason foir looking at off-center boards, aside 
. , . .from their intynsi'c.appeal/ is that many of the 

relationships that yvork for centered boards 
^' still apply. To find a familiar relationship in 
y " ah unfamiliar context— to see the sameness in 

apparent difference — can be exciting as well 
as instructive. *' 

Children's first off-center balancings will 
probably be complex ones, achieved by trial 
and error: adding washers,' shifting the 
fulcrum, or both. 
For. those who want to find some rules, 
: here are two off-center problems to 
y investigate: • ■ >. 

1. Starting with an off-center bc^ard -already 
balanced, how can you add more washers and 
still preserve the balance? . ^ " ; 

2. ' How do you balance the board with the 
nail off-center in the first. |jj^e? 

• ^ Here is a piarticplarly interesting case of 

question 1: \ . " . 



? @ 



Where do you hang another washer to 
rebalance the board? Many children will first 
try the end hole on throng side, which 
would have ked had the nail been in the 
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center of the board. But it's not where the 
ends of the board are that matters; it's where 
the nail is, and this problem at any stage of a 

:.*chLld's work can help focus his atteVition on 
the importance of measuring dist^rices fronii 
the nail. , ' ' 

. Try balancing other combinations oiF 
washers on this'^bdard: 1 vs. 2, 1 vs. 3/2 vs. 3, 
piles vs. spread;0ut. There's a marvelous 
sinrwlarity Ijetween these and the same . 
problents done on the^board with the nail in. 
the center. In both cases the board -is balanced 
to begin with, in one because the nail is in 
the center, ih the oth^r because some washers 
have been added to -make it balance. It doesn't 
:matter hour long, the board is^ what it'S/ made 
of, pr how heavy the weights are (prodded 
they ^pe all equ^l). In each case the same . 
moves keep it balancedf>.- 

How you balance atn'pff-center board in 
the first place is a diffiGul.t problem. On/ 
approach es to gather information on specific 

'Cases. Then, after you have data, you can look 
for underlying regularities that may reveal a 
general relationship, . 
: With the nail three spaces off-center, 
various ways of balancing the board wero 
found, always adding washers only to the 
short side: ' ' * 

1 washer out 12 spaces from the nail 

, ;i @ .9 ancj'l @ 3 . , - ^ . . - 
: l @7,and 1 @5 ^ ■ • 
'■' 3@4 ";;: ' I. ■ ■ ^-i,.-' . 

■ 1 @ 5, 1%4, and li;^3- : : > '\ 



- In each of these ca^es, the sum of the* 
distances of the washers equals 12. \ 
^ ■* Before a general r^ationship becornes • 
evident, you need results for other cases. 



Spaces nail is 
6^-center. 



Sum of washer . 
distances 



12; 
20 

7. 



. Can you predict for additipnal off-center 
'£ases? ■■ ■ • D .'\ 

Is there a simple relationship between^ 
spaces off-center and sum of distances? A 
graph can be helpful: 




Sp0Qes Nail off -^center 
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• What you see in both lie table of data and 
, - the giaph of, the/same data is that the sum of 
. the Washer spaces Is always four times the 
'7pail off-center spacesVl^^ a nice thii\^ to 

find,- but it is not crucial to an understanding 
. . ..of .balance boards; and, you shot^id suggest the 

problem, ging% 



■ By noW; the washers, hung in group5|cin ' * , . ^ * 

. shower-curtain rings, wefF dragging on, the ^ . 



T^tieTtif-liDle profcl^ffi In one sixth grade, two 

* boys were tryipg to. find how many washers /^^^ 
they, needed to balance the board with'the ■ 
na^in the. end hole. The teacher had been in . ■ , ^ 

' . another part of the room but became involve^^- . • .. ■ , ,^ 
when an argument broke out: the boys had i ..^ \ 
used all their washers and w^re trying to get. 

* more from a. neighboring group. With twelve 
washerS; the board was far from balanced. 
' With twenty more 'washers borri^ed from- : : 
; ofiei: grpups,,the board./was still hot balanced. . - .; ^^^^ 

^ table, and the boys put a pile of books under 
■. the stand to elevate the b|ard. The teacher . 

called everyone's attention to t^is problem; _^ :\ 

how many more washers .do ypii think theyll 

need to balance the board? Guesses ranged' 

■ .from 12 to hundreds. More wash^iS were 
collected. and strurtg 'on i length 6fcc/rd. W^ ' ' 
several hundred washers - over 30 pounds - 
the board-Was alinost horizontal v but not -^l 

.' , quite, At this point the teacher took hold. of 

■ the cord and pulled down as hard as he could 
h Was the boSrd horizontal now|^Jo, not quite. 

* If you Righted the board against the cinder ' 
blocks of the classroom wall/the board atid v^ 
the horizontal seams were not quite parallel 




"What do yh think?" asked the teacher 
. ''Morfe^ washers/' said the boys. . 
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They were wrong; more washers were never 
going to TOake that board horizontal. Two 
alternative investigations that should enable a 
student to resolve this problem are described 
below. 

One approach focuses attentidn on putting 
wa>!befs in the end hole, but with the nail in 
sorrie other hole. - - 

. Record the number. of washers needed in 
the end-hole to bala:nce the board for various 
positions of the nail. Here is a graph of the 
d^jta from one such tabled 




5 • *10 15 
Spaces Nail off-cerr^r 



* "Sixteen spaces off-center" represents the 
case in vyhich the nail is in the end hole of 
the board. The curve will never quite reach 
tlie vertical line drawn at 16, that is, there is 
no possible number of washers that will • 
balance the board when the nail is 16 spaces 
ofif-center, • 



Another approach. focuses attention upon 
hanging washers directly under the. nail. 
Suppose the board is centered and balanced 
with 1 @ 3 +.1 @ 5 - 1 @ 2 +"2 @ 3. What 
will be the effect of hanging additional 
washers' directly under the nail?* Next try ■ 
adding washers under the nail, 'with a 
balanced off-center board. One more step: put 
the nail in the end hole, hold the board in a ^ 
horizontal position, and add washers beneath 
the nail. Butiirst, guess what you will feel in 
your hand: more push? . . . less push? 

ou can understand all this mathematically, 
have already seen that one washer will 
:balance three out 1/2 as far: one out 6 will 
balance three out 2. The distances add up 
here: 6 == 2 + 2 + 2, which can be written as 
6 = 6 X 1, or 12 out 1/2: 6 =^ 12 X 1/2. Putting 
washers directly under the nail, however, is 
zero distance away,. and zero times anything, 
still equals only zero. This" is why holding the 
board horizontal when the nail is in the end 
hole and adding weights fo the end hole has 
no effect. This is why the graph goes towards 
infinity on the verticctl axis. This is why the" 
boys were never able to get.their board 
horizontal, even ^ith 30 pounds of washers. 
t^,^hy is it, ^then, that adding washers to the 
end hole, with the nail in the end hole, had 
any effect-at all? Check bacik with your own 
board, or refer to the picture on page 35. 
When the. board, is *not horizontal, are the 
washers harfging directly under the nail? 
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Extensions 



Problem Cards SI^ST 



■I ■■ ' ■ 

^What Makes the Balance Work? 

> ' ■ ■ . J- 

This section is intended primarily as source 
material for you, although an.abl^ and [. 
interested student might go on to try some of 
the inves^'gations described here. While 
reading this section, yo^u should have two 
balance setups at your siide. You- will also 
need the plastic strip and the block fulcrum 
with a knife-edge top that are included in the 
Teacher's Kit. 




A balance seems like a simple gadget. To 
make one, all you need is a stick of some sort 
and a fulcrum! The- pegboard strip balances 
easiljc when the nail is placed in the upper 
middle hole; the pegboard also balances easily 
across the rounded block fulcrum. Th^ top of 
the block fulcrum is cut in a. circular" ^rc: 

Why go to the trouble of cutting the curve? 

Here's a way to find out:. 
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Included in the Teacher s Kit is a block 
fulcrum cut with a triangular top, like the 
roof of a house. Try balancing a pegboard 
strip on this fulcrum^ Will it balance? It seems 
as if it should be simple, but it isn't. No 

• matter how carefully you. try, the balance-is 
always>unstable. Even if you. get it balanced,^ 
\ a slight nudge will tip it over.' 

To see why.the board will not balance on 

-this knife-edge fulcrum, look at a different 
situation. You know that the pegboard 
balances easily on the riail fulcrum when the 

. nail is in the top-row ■middl^^'ole. Hav& you 
tried balancing the board with the nail in the 
middle-row middle hole? ... in the bottom- 
row middle hole? "When the nail is in the 

'bottom row, the board does not behave like a 
balance. ^ . 

If you attach the plastic strip to the 

. pegboard, as showp below, you can try cases 
in which all of the board is beneath the' point? 
of suspension- By setting up a second board 
with the nail in the t6p-raw middle hole, you 
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can compare the behavior of the two .boards. 
Try various holes in. the plastic strip. What 
happens v/hen you add a single washer to the 
end of each board? How many washers are 
needed to make each board tilt the same 
amount? . > 

. The important property of the board that is 
involved in these matters of stability is . its 
"center of gravity," a term whose meaning 
should becorne clear to you from its context if 
you are not already familiar with it. For the. 
pegboard, the center of gravity is at its 
geornetric center: in the middle hole of the 
middle row, 

. The plastic strip allows. you to see what 
happens as the center of. gravity is moved 
further and further below the fulcrum. A . / To sc 

board will balance when its center of gravity a curve 

is below the" fulcrum; and the further it is upside 
below the fulcrum, the more. stable the . base. I< 

balance will he. You saw that this was true you till 

when you tried different holes of the plastic return? 
strip. This is why the board would not The ] 

balance on the wood knife-edge: with the their le 

center of gravity of the board above the center < 

fulcrum^9the board is un,s^table and will always is equa 
tip one way or the other. . fulcrun 

Yet one look- at the curved-block fulcrum base, tl 

seems to throw this whole theory into a and the 

cocked hat. The board balances nicely on top the bo^ 

of'the curved fulcrum, even though the center In th 

of gravity of the board is above the fulcrum. left of t 

You might look carefully at the board the wei 

balanced on a curved fulcrum and see if you fulcrurr 
. can determine what is making the board the net 

stable and compensating for the high center move t; 

of gravity. If the b 
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-.v ;h6rizonia^which iS' hijrd.to do with the flat ,■; ' washers directly 
\vkt}j^£s (y(^^ ■ ■ ; tg||i;tii'fc^ail has no.;tiirning effect on the 

^ board;.wo.ufcslick'outto the right of. the- ■; :;.^^-Th|Joiht^d^^^^ the hail iS' 

■, . point bf;Conlact;:witK^ , '|« you tilt 

■ ' ;uribtilance4:jorc^^^^^^ move the board / '':;^ife|o|^^^^^^ .\ is,i)0 longer .directly beneath" the 

■ ;: back:lowar(|^Te:>onzontal! All^ ha ve, to . hang the washer 
■ ^ exhibit thiskocki^^^^^^ by the .; " |^^^i^i',order for The 

. . setting' up oi^miom^^fom, which' opposes ' ^ffitical lihe from thenali.'marks the zero 
any liltihg.'of thetbeanri. ;,■ , ■ . ' .. . ... vi';-|j(psitipn'.' When .the board 'is; horizontal, the 

..: . Now gq;baclahd look- agai? at; the board- ;/|^gboard,is' equally|stributed on either side 
. „on:a curved.fiilGrum, Notice .that , as^the board . ^^iliis#tlt^ ti^t;when, you tilt the 
■■;'.',tilts thefe is'a-rolling ■effect whichfause ; ^/^jirH;^^^^^^^^ 

■ ;- po.irtt of contacC between. board.;^n;d. fulcrum .i'.'^|j)tfer;si,fc/ force, 



h to shift..VVith more Qf:the;bpardiOut one si!^e.^,,;'||^ti%i^ that the 

■ - a restoring force results:' which causes the ' .•ri^^teil.feiiE,^^ of the' top row, 



■ f . -iljoafd to. rock-backv"This e|ect.ft\pfnhan ''^M ^'^f '^k'^^^'^ }^ miMt row? 
.'^/cpmpeiisates'fQr the instability ;G^^^ ■l|^'.''-' ''-^f 

high center o.f . gravity: 'f^^^ \ ' 



no 



.^thep^ 

; •.'"liigH cej(itW of gravity m^keis ho0. : 
"uristabl&i^i-.Si 



.' / ... Wheffpie pegboard beaiji is hanging on .■': ' /. 

^ ■■na|'{ulc;fidm, there is'ito'sueli ,rolliiTg..sh'ift:as ^fi^v,^^ ' ■ ■' 
r^ th^ bq&Jdlts, yet'fhere. is sfill ,a restoring-^!,^:^|||p ; • ^ 
5;V'^rge.:ilw does. this tep|Jen? Well, ' I'f'" 




■>;:sen5e,thesam^effecttak^^ , ; 

^^.di.agi7|ms which p^^^^ :^lv^W'^^^ 

' ■ ' ^ shift pf bba^d above the nail to the 

■ left. Thisiyy/hfthe boarid stays inany . 
position; in which you put it-'there is never 
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any restoring feef 



Now look at the case in which the nail is in. 
the bottom row. You know that this makes .• ; 
the boafd'unstable; once it starts to tilt/it flips, 
all the way over, 




No woirder; as the board tilts, it shifts extra' 
board above the nail on the same side of the 
vertical as the tilt. In other' words, a tilt ' 
produces a reinjorcin^ force in this case • ' ' 
instead of a restoring force. \ . . 

It is interesting to consider abstract 
drawings, such as the following: 



7\ 



1 



" If. you were to build balances;that looked 
exactly like thes,&gra|i;s, they would never 
balance. In each.cale thella^stract drawing 
leaves out the crucial feature that produces a 
restoringforce when you tilt the beam: the - 
; curve of the fulcrum in the first case, and the 
width of the beam inithe second case. ,. . 

' • '■■■"■,'■ 
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Challenging Problems 

. These problems are intended for those • ' 
' students who are partiGularly apt ^nd are 
ready, to work on more advanced questions 
on their own, or for students who are so 
captivated that they want to continue working 
with balances above ana beyond the rest Of 
the class. Each problem is reproduced. on 
a student card. Included here/ in addition to 
the problems, is an anajysis for the teacher. 
These, analyses aresomewhat briefer afid ^ 
presume more understanding than do those 
elsewhere in this unit ^ ' 




Problem ^1: ' ' * ; - 

Bolt a quarter-length strip to each end of a 
beam, and hang it with the nail in .the middle 
hole. Decide on your answer to each of these , 
questions before trying it ,on. the. board. • ' 

a. Clamp the arms as extensions of the^ ■ 
board. Spin the board. Where will it. 

■ .^stop?. 



b. Leave the arms free. Spin the board. 
. Where will it stop? - 




c. Clamp the arms where they stopped ' > 
for b. Spin th^e.board. Where will' it stop? 

dVClamp the arms. Spin the hoard. Where 

will it stop? ■ . ' . _ 



e. Which one will rock faster, 



this? 



or this? 





Amhjsis: . ' ■ , ' , \ ■ 

This series of questions should bring some\ 
surprises. They are valuable in that they > , . 
present someone with a situation in \yhich his 
initial intuitions are in error, so that he 
•must deal with his own mistakes and 
inconsistencies, A careful analysis is similar 
to' that given for Problem #5 (page 43); ; ■ . 



Problem #2: (Problem #1 is a prerequisite for " 
this problem.) • 
Boha quarter-fength stripateachendof a • 
■ beam, and hang the beam with the nail in the 
• boffoffl-row middle hole. For each of.the, 
:. . followingquestions, decide what you thinks 
. ;f • will happen be/ore.pu try it/ / ; ' 
;a! If the strips are free to swing,^ what, will 
■ ..the beam do? . ^ > • • ' . 
b., If the* strips' are bolted tightly at nght 
' angles to. the beam, what will the beam ^ 

■ do? " *' ' 

t Keeping the strips tightly bolted, how 
". ^ far do you have to rotate the beam about ^ 
. " ' the nail before it will flop over instead of 
rocking back? What .if the strips are free 
to swing?- ' :, \ ' ; . . . ' , 
, Try asking someone else these questions 
while you^ handle the board; if they can't, 
"feel" the answer, they have to ^think,all the 
. . harder. . . . 



■ , V (Questions a and b are 'answered by the 

/Analysis of Problem\#5, page 43.) : ■ 
I \Questionc: : . .. , 









n 




1 ■ . 

■ ..) 

1 ■ ' ' 

■ . "1 ^ 
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■ ; In diagrams A thrbugh G, the important 
^feature.each.time is the comparison ofthe • . ' 

■ distances from the vertical line to the 
center of eacR 'Strip. As the beam is turned • 

. "counterclockwise, a.restbringforce is setup 
... -^in' every case except the last" two., In F .and ,Gr 

is established, and the 
^p;femHvilI flop on 9verto position A. ■ ■ . : " " ' 
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The four washers must be balandng the. ^^^^^^.'^ , ^ ' • : 

remainder of .the board: 1 @ 1 f 3(3,2 , ■ ■ ' , '.. vYp'u will '^need a half-length strip of 



■ <*^Problem#3:. . • •.. . ' 
■ -Using onljf one pegboard beam; ca^i yo.u^ 
• find'.the weight in washers of that beam? ■ ■ ' ■■ , ='1/2B 4/Here 1/2B represents ,the .weight - ■ ; ■.pegboaid in'^addition to a regular-length ' 

Of course you' can- always check ypurself by .of the. unshaded portion of the beam, acting'. .' , board, a block fulcrum, and some washei:s; : * 

. '. actually weighing a beam on another balance.. ! at. the center of this s^^ 

Don't do this until you have figured out how ' \ .b. A more .quantitative approach: 

■ -J. . to find the weight using only one beam: ' ; ;• ■ : ' .. _ ^ . ' 

. . (Some students have worked for. several days - : ^ ■ ' ■ ' ^ 

on this problem.) Can you explajn how you . '"^"'^"^^'^"^"I"""^^ 

found your answer? ' ' I , . ' - B 



■ .■; a;, Balance the board, as shown, with. a,'; 
h^lf-[ength strip across thfe 'beam; halfway' j ', . 



Analysis: 



i. ' i ' I 



' I The weight of the Whole beam, B, ck be' 
. , its. center. .. 

v';. Thi^weight, out tWokits from the', ■ 
• ,'^fulcmm, -is balanced by the washers on the 
' . bthersidebf the fulcrum.'3x:2iI>^'l=Bx2'. 



, is gff-center, as above, ; 
the weight of the bocird becomes a factor, Two ,' 
ways of determining the-weight of the board, ; 
■explained, in -terms of' the example, abov^, are , 
as follows: ■ . ■ . - 

• 'a, .Symmetry: the two units of beam oh 

• . eithenide of the,MM 

■ others. ; - , : 





■ Predict what Will happen if you pivot tfo'j^f 
strip so that it lies .'along the board.. ' '■ ; 

'■■ Tiy it,-' ■■ ' ■ ■ ', . 

I'b, Predict what will happeri if you start" ; ' ; K . 

■ '^ with the:strip near, the end off thVted : '.' 

■ . . . ; with the strip in nea;- the fulcrum..- r ;* 
■ , Were-you right?, .. , ■.■ >\ ;;<° . ' ... 

' c. Try.pivotirig.experlmentVwith the'^ 
. arrangemenis! . " " 'v, ■ ^ 

d. Try each of these experijnents with a tiolt ,; ■■ 

■ ' in- the- beam for the strip to. pivot on. . ■ ,, 



42 / Extensions 

ERIC 



.-mm 



Analysis: . ' ■ . / t 'Pfpblerti #5: 

1 / - Many people intuitively feeU^^ r^-'- '^''^ ' ' 

th^balMength strip' will mak^. a ^to^^ 
. ■ when the strip-hangs over the? ertd or o'wrlaps ^ 



V ,:: '. The. situation involving a half-length strif * 
;■ -with a', quarter-length strip across each end is 

■ basically the same as the. situadon with the, 

. : halMength 'Strip;"alone-in bojhcases/there i^ 

• symmetry 'about the center of the strip. With a 

• quarter-length strip atross only one end of the 
, ,l]alf-length s^ip, however; this simple 

..symmetry.nOTOger'applies.Jf you pM 
, aboiit.the center of 'the half-lengtH strip, the . 

■ balance boajd will not remain in balance., 




. ^" Placing the- strip qn a bolt does^notfhange 
' . the-'results^of these pivoting experiments. The ■ 
i> strip acts" as if all its weight were concentrated 
'.at 'the center, vyhether the bolt "is there or not. 




' Analysis: ■ ' " 

; Imagine a vertical line running through the 
' '^.ferum; When^fheboard is-tilted, the /; 
, di^aiice from an^ weights to the fulcrum is ' 

measured to that line rafther than along the 

beam. 



■ This toy man balance^'feecatse the 'weight 
on his hands is down sd Iow^';^^^ 

You Jcnow thatr^the pegboardns unstable if " . 
you put the nail in the middle .hole of , the , ■:; 
■."bottom row. The balanc^ffian'suggests that? 
jhe pegboard would be stable-in that situation 
'if you hung washers -down low on long chains ; ' 
'of paper clips from each .fe.Try't 
not help. Yet it is possible to make the ■> ' . . 
balance stable even tho|gh the nail is in the 
bottom row. Can pu^ it? ■ ^ • ' .' : 




As you jcan See in the drawings above, when 
the weig'hts are hung so that: they can swing,"; 
•the'distantes remain equal ' ■ , ; 
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When the washer^ are held more rigidly, as 
■ by a yoke .of interlocked paper clips, tlie 
distances become pqiwlyhen the ^oard is 
tilted. This sets up a restoring, force and 



makes the beam stable ^' 



' ■ r 
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'An Example of Unexpected Happenings 

Tk jollowin^ imher'sMcomt^ is reprinted 
here jor two reasons: it is an example oj how ■ 
work loit/i Manmi m leaii into wciting, " • 

^\inp\anneiimest:iiatms,anitkdassroQn\ 
■rfiuri/ st\j\e.o\ the amint provides a pktm oj 

_ one class .(is it actually was: 
■ We were working with a four-foot-long 
balance board and blocks of equal weight, 
and 1 had set a problem which could not be 

■ solved. "Who can balance the board by 
moving this block?" 1 asked. . . 




Several' hands went up, and one boy came 
up and. moved the block out to, the end of the ^ 
board. It still did not balance. I^ut the btock 
back to its original position, Several more M 



f .... ■ f^J"."';! 



: • ,■■ • -v. • • i ;: . . .. V * , (iftj . .•: . .• v;, _ ■ ■;;> -.•■ ■ ' .-. • .;■■/•.••■.;• • 

■ ideas, but no.one couldlakeihe board •,■ ' •.„■.•. ' .miniites lafer.'afteVwe-hai^ya^^^ : .■; /q;know whatjoii'mpan/' I said;. ''rAil that; / 

■ ■ balance,byinoving:the extreme left blocL.^^^ , : by moving^soiiie^of tlt^ other blotks.;" 
, "Yo'u nee<f'a couple of more^feet of.board .: f- . iThatfcwi^s'right . in' j sense. Although; . . : ■..fXhe;problem'wis-more fascinating^^^ / : .V. 
• out. there, don't yourl asked one 'boy who ■ . ||ir,W^fe-tlie5ame,\tanding^ to settle the issue , ■ 

• wa? trying. to balance tl?e blqck li^lf off the! : , ■■ , down,:7fitffial weight is cpncetitrated ih a J ■ : ;■, We;' weighed qurstarld-ap-p.ush-hatder boy ' , • . 

.'end of theboartl. The class laughed; but'still ■ _ ■ small' are^^feoles of yourjfeef^ when • oflhC' previous class^tyhile he was standing: . ■ ■ 
. ' more' put their hands' up insisting they had^a ' ''' you're s|in^ plahk.:across the :/ .• 

, ■ '^ay. A^boy came up and, with a great smile ?^. :; ; area when y(^fein|dovimvW^ to- ^s^j;^ :;S,cale;-and-^^tret^^ , 
. . of triumph, stood ths block up on end. ^ ; , ' - .fplli?vy,;up^his;j|W|^stahding^^^ -.■J'^&^ighs-mwe^ 
';Why did you do that?" Tasked/"/ ^.f lying 'down.Jc,^^ 



I ■ ■Everybody remen^eSfflMV^;^ . ■ /'"Ho-w- fnuclt, do,|ofi. think the pjan|;;; ,;. ■ ■.. . , 

K''' lying'd9wn.pn a'b^^Ste;>^;ei|hV'':V-^ j.;':' ^'r'-i'; ■';■■<: 

T^.... ..._< '"^milg/';.. I. '''Thr^^ volunteered one;/'; 



, :•■ ;. -^IKM^own hardei'/:sa| 

ling up ■ ^^S^tif^her child, sai(djt^e(WOul||^^(|^^ Mp'Or)' tliie 

d a ' -i^^ -■ii^'M^^ whenV5u're-Stanyih'g;Sp your',; "' ■perforiiiiiig/thexhildrenl'tsensed/;^^^^^^ 



To balance the boards, was the' replyjjnd. : ' f with two ' bathroom^ 
>h| proceeded to move the upright bloc 
,j . along the board. / % 

' '' ^ "Do you think it weighs more stariiiing v'^^; yourself . They ^oul|Ji| 
; up?" Usked: ■ ■ ' ■■ \ before we actiia 

;'Yes,"hesaid, 

, "1 thin.k;said 'Ohl'" While 1 collected •■If^expectediV/^^v:;!^^^^^^ 'j4h; jt;dbesr)S.wi^ that 

; 'myself, hecontinued to move the upright , ^^'gh'ao^.sfending:|p||siefie:':^ " ''/^^welve^ofiQcp''. ■ ''I n ]'\ ' \ '-'^^-^-^ 

block arQtHid\he boa^d, , '■ '/-^Bi^sed^own hardei'/sa$^ 

■"Po yoii^think you wei|h more standing up ' ^ ' ' -'••''^ ..:'jAx.;;.«.,UteV.*f*u.A.^s* ■ .'.■,'u). .....:.L.j'i-:..tj.,..^_j: . 

■ or'Iying down?" was mf next question:. 

■''Stari{ii%^p,''. he Implied. / ■ / , - ^ v" .^.v'.;;,;/'^ . /.f 

' • "Oh, tjiat'^' iflteresting'' and I paused a- when^yOu're-StaijdiRjip your ;^ 'performiiig/Xhe'chilclren; l^^nseci^^were;:/ , , , 

' : .moinei^; "Why?" : ; ' ' , ■ ;',':jni^^(Je0elp%'Kpldy^^^ .. ■ .■■'';:aiittle,disajippia|ed;with tlte result;: t}ie;;J'./''^^ 

■ "Beeause|Pu,press-down haf(|ei; when you ^. ''^ ;,|I]ie;sc^e/f ill read':the ,^a|!^ ' , wprld,wasiQt'^5'imagiriaH\^ -iv-.^ 

■ • arestaridingiip." ■ • '>''. ■ ■■'/■^;^:''St|pdinguporlying''^ \hop^i Nqw;il^6ughlQut the^'sec^ 

• "I'see, Well, you kno^that||?tild:be an'" 'y; , •/ ■ - / , .''■' ' 'andird.the.jjlankbetw^erf^^^^ ■ 

■ interesting experiment! Wheni^i go home':, f: :^ :y \. '- ' w6il|epeft the ij^in^jdovi^i^xper^^ 

• ■■■you ought.to go into the ba|lli'Ooinancf'Wfi?g&'! ' ■ ;,/'S?i;|l}se'he ^hjlpigh^ ..■;, explaitied>nd asked' what they:t^ f: / 

. ■ yourself standing up and then '^^s^. ''..':' ;.|^s^tiir]iist:.thp s^rne.^ ' 'scale ^Id^Tead. ^ . ; ':■ '■ 'rS. , ■ :^ / ; : 

,' and seeTf you really do^weig}tn|!;^|n|.:;^ 

• . • up/' The class laughed as the)Sagrhie|p^ ■ ' ,t^!^ ■^":%»'''!'V.' 

. it might be lilce trying 'ie,™s| ' ^^.;\/!6-A^^ 
^ bathrotfmIscale,T}|iprd st|p^ 

:had f(ifeeihat-','' 'r./^^ o/^^^;] fig^relhe 'board-Is. hel^^^^ 

' d. hadMmade.it ' p^ ' 
weigh .encmg|q^fKscfas|ffid..a few', Icanr / ; ''■■V ■ ■■{,; /^/'-^''^ '''Sc^.^appale supports. j^^^^ *■.■ 



bounds each," was ! 



balance though^ 
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f^reiterated>"and ■theii when he-lies'dQwn:it 
will be 60-pounds.plus oniy-5 p 
' scale instead" of" 6Q pounds plus JO' pounds 
iefpre." the boy nodded ;in agreement ;J; ^ ^ 
;: Another childsuggested.fe^ ^ 
would readJ5 arid the.otHer.58 p^^^ 
lasked why, he eiplained-that the feet -weigh • 
mjore/so'that scale would^Kaveihe most ' ; 
■weight. This; bothered 'another boy/^^ he ' ' 
said the scales would read' unequally in, the . ^ 
opposite order because the head was heaviest. 
A third boy said each. scale would read 50 
pounds because the stomach was the heaviest 
part of the body/ ■ ; \r : [:■;: . \ 
.: The;boy who.had said.coirectl^^^ ' 
person would , weigh .the same standing'^or 
lying down again had a penetrating insight 
into the situation; /'Each scale will read 35 
pounds,!' 'he said, . .; ^ . 
■ Another jumped up, ';No/3|pounds'-each, 
beca;use ofthe tvyo extra blocks you are using 
to hold ufihe plank.'" They.^iled in. . 
agreement. , ' . 
. We decided. to try the .experiment. We laid" 
our stand-jdp-push-harder boy down on the' 
plank, and two girls read the dials. We shifted 
the boy back and forth, to different positions' 
on the plank, writing on the blackboard the 
■•readings of the two scales each time. 









■ 42,, 


■33 


38 


50, . 


■ 23 


, 


33 
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. , ''What is there that is the same about each 
■'■ set of readings?' [ asked. "Do' you see any--: 
••thing that "doesn't change?" , '■. ■ ' 
.'•■Two hands went'up eagerly. "Don'tsay 
. ■ your, answer yet. Let's give everybody a 

'chance-to figure it out" 
„.^. I went.to the board and rewrote'each pair 
'■ vertically: 



29 

•42 



33' 
38 



■50 
23 



39 
33 



"Who sees something the same about. each, 
set of numbers?"' 

Hands began^to pop up all over the room, 
accompanied by gasps as each child suddenly 
saw the.underlying regularity. I pointed-Jo . 
one child; and a great dbrus rose from-around 
thero(/m: . ' . 

■ "They all add up to the same thing " 

I was delighted that so many children had 
' seen the' relationship among the pairs of , 
. numbers for themselves, and that they had ■ 
the good judgment to accept the, sums- ■ , ' 
71,71, 73, 72-,as ''all the same" under the 
circumstances. The small differences, caused 
by inaccuracies.in the scales or in reading the ., ■ 
dials, didn't keep the .children from' seeing 
•the basic -relationship. 

in the class time left we tried the double- 
scale experiment with tWo other students as 
subjects. Now, we had the students read only 
one of the scales and then asked them to \^ 
, predict what the second scale would read. The 
■ children had discovered the basic lavy, and' ■ ; . • 
no they enjoyed. seeing it work. Variations 
' were eagerly suggested by the class. 



"try it with her standing up on the plank." 

"Where should she stand to make both • 
scales readthe same?" 

."What if she stands -all the way" over on one 
side of the plank?". ; " .* ■ 

. "What if. he sits down? . . . kne.els do|i.?' ' 
. in the mid^e of all this hubbubi a light 
suddenly shone in one quiet girl's eyes: "IPs', • 
just.likethe.balance board," she said ■ 

1 wasn't sure it was just lik^ a balance ; 
board, but sopie of the other children ' 
understood. "Yeah " (hey said, arrd late that 
night I also saw the connection: "Oh, yeah/' 
I exclaimed .to myself. ■ ' 



r 



TT 



Think ofit as an upside down bak^^^ 
board The person on the plank is like the> 
fulcrum upside down; and each scale pushing 
up on. the plank is like a pile of blocks 
.pushing down on the board ' 
■ When the plank is ''balanced/' the scale 

: closest.to the person pushes up the harde^st, 

^ - and when the board is balanced, the pile of .. 

• ■ blocks tlosest to the fulcrum pushes. down 
;the nardest- it must be the bigger, heavier 

' -pile. I suspect this is the similarity that the 

: girl saw.; . 

. What about the discover the children made 
1n class-Tlhat the readings of the scales always 
add up to the total weight of the person plus - 
the plank? The 'scales together push up just as 
hard as. the person and plank are pushing 
down. J '"'.^ ■•• . \ 



S2 



1 




rr^M, is the-upward push of the fuwum 
always equal to the weight of the board and- 
blocks pushing down? It.is, md placing the 
fulcrum on one of the tathrc om scales will 
show this. , ' 




w 

1 

J 
i 



plank's 



Weiaht - ^ ^'^^^ ^^^^ quickly; the 

; \ . ^ . day was'Over,,and we had to stop. The ^ ^ 

' investigation during these classes had not: 

' , been anticipated in advance, but it followed 
; ^ naturally from the previous classes and ,* 
Does this work the same way for the ■■ ■ proved 'exciting and rewarding, 

balance board? The blocks and board are ' ^ - - \ ; v ' : ' 

pushing down, and the fulcrum must be ■ ■ ■ •■ ' ; ■ >' 
pushing up: : * • 
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Mailing Balancing Equipment 

A pan balance can easily be ^made from the 
' balance-beam assemb^t is handy for *. . 
weighing or balancing many items that can't 
" be hung by clips. The pans are hung- by \ 
strings and connected to the beam by paper 
clips. Paper or aluminufti pje panS/^^plastic ^ 
freezer containers^ of enlpty half-pint milk ' . 
.cartons can be used for pans. You can , hang 
them by threading the string through several , 
points around the top edge 'of the pan, so that 
it can swing freely from the clip. Aji object to- . 
' be weighed caii.be put in'one pan and 
washers in the'other (Many activities with 
pan balances are discussed in the balance 
•BOOK* from the Elementary Science Study.) . 

A doweihung from a string makes a fairly 
.sensitive balance. Dne way of using this is to , 
balance the dowel and then han^ things frdm . 
the- two ends by means of strings, and clips. ' . 




*tHE BAL-ANCE BOOK \$ available ij(jm the Webster 
Divison of AkCraw-Hill'Book CoinpAny. 




: Another way to use the dowej balance is to 
. hang a one-ounce weight at one end and 
make pencil marks along the dowel to show ' 
the position of the string when .the weight on- 
the other end is equal to 1/2 ounce, 1/4 ounce, 

■ and other fractional weights; ttiis arrangement 
can be used for weighing mail or other 
fraction-of-an-oiince items, • ■ 

A soda-straw balance is extremely ' ' , , 

■ ; sensitive: Flatten one end of a soda straw, 

■and insert a machine screw in the other. 

Slide your finger un^er the straw until you • 
; find the balance point, and:push a needle 

through the straw at this point. Suspend the 
. straw on the needle between two glasses/ and 

■ adjust the balance by turning the screw. On' 

■ ■ this balance you can weigh tiny objects; such 

as sqti'ares of graph paper, seeds, cereal, or ■ . 
, .^glass.beadg. • ' " ^ . • , 

■Building mobiles is another activity. ■ , ■ 
involving balancing. (For information on 
^'this'topic see the Elementary Science Study^ 
. book mobiles/) ■ V 



1 



^MOBILES is^available from the Webster Division' of 



^McGraw-Hill Book Company. 
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